ABSTRACT: A series of 3 experiments were conducted to determine the in vitro and in situ disappearance, preference, and performance of steers consuming increasing concentrations of a novel feedstuff called algae meal (ALG). In Exp. 1 and 2, 3 ruminally cannulated steers (998 ± 103 kg BW) and 4 treatments were utilized: a dry-rolled corn-based diet (CON), or 15% ALG (A15), 30% ALG (A30), or 45% ALG (A45) as a DM replacement of corn. Experiment 1 was performed as a 3 × 6 unbalanced Latin square with six 5-d periods, and 6 paired diet combinations to determine steer preference, based on DMI for 4 h after feed delivery. Experiment 2 was conducted as a 3 × 4 unbalanced Latin square with 3 diets fed each period and four 14-d periods to determine in situ disappearance of ALG, soyhulls, corn, and hay as ALG increased in the diet. Experiment 3 utilized 48 individually fed steers (292 ± 22.4 kg; n = 12) in a 55-d grower trial, stratified by BW into 1 of 4 dietary treatments: a control wet corn gluten feed-based diet with no ALG (ALG0), or 15% ALG (ALG15), 30% ALG (ALG30), or 45% ALG (ALG45) in place of wet corn gluten feed on a DM basis. Digestibility of ALG was greater (P < 0.001) than soyhulls at 24 h, but was similar (P = 0.82) at 48 h, with hay being least (P < 0.001) digestible at 24 and 48 h. In Exp. 1, the proportion of total DM consumed by steers during the 4-h postfeeding was affected (P = 0.01) by paired diet combination. Steers preferred A15 or A30 diets over the A45 diet (P  0.008); however, no difference in preference between CON and A45 was noted (P = 0.76). Steers tended (P = 0.09) to prefer A30 over CON, but A15 and CON were not different (P = 0.75). No other paired diet combinations altered (P  0.23) DMI. In Exp. 2, inclusion of ALG in the diet did not affect (P  0.12) rate of, or overall in situ disappearance of, corn, soyhulls, or ALG. In Exp. 3, ADG tended (P = 0.06) to increase as ALG increased in the diet. There was a linear increase (P < 0.001) in DMI as ALG increased in the diet, and as a result, G:F linearly decreased (P = 0.01). In summary, ready consumption of the novel algae meal by steers and support of growth in steers at up to 45% of the diet suggest the algae meal is a viable feedstuff for ruminants.
INTRODUCTION
Technological advances in the utilization of heterotrophic microalgae for production of oils for industry and food now support large-scale commercial production. The resultant coproduct after oil extraction retains nutritional value and represents a further product stream. The ruminant animal is uniquely able to utilize microbial fermentation to convert coproducts into nutritious animal protein. Algae coproducts could be a viable alternative in cattle diets as a substitute for traditional feedstuffs such as corn.
A dry, mechanically deoiled, milled microalgae coproduct (Solazyme, Inc., San Francisco, CA) is being commercially generated, from the growth ofhuman food additives. Based on the nonfibrous carbohydrate content of the deoiled microalgae, it was hypothesized that a combination of microalgae and soyhulls would result in a nutritious ingredient that could potentially replace corn in the diets of ruminants. Microalgae meal (ALG), which is a combination of the dried, deoiled microalgae bodies and soyhulls, has a unique nutrient composition that differs from other previously studied microalgae feed products (LodgeIvey et al., 2014; Meale et al., 2014) , which were pure algae supplements, whereas the ALG utilized in the current study contained 57% microalgae. There has been no previous research conducted using this unique ALG, which in contrast to algae products evaluated by others (Lodge-Ivey et al., 2014; Meale et al., 2014) does not contain docosahexaenoic acid or increased concentrations of Al, Na, Fe, or CP. Because of its favorable nutrient profile, we hypothesized that replacing energy feedstuffs with ALG would have no effect on cattle DMI or growth. Therefore, the objectives of these studies were to determine the in vitro digestibility, preference, in situ disappearance, and performance of steers consuming increasing concentrations of ALG in concentrate-based diets.
MATERIALS AND METHODS

General
All animal procedures were approved by the Iowa State University (ISU) Animal Care and Use Committee (#8-13-7615-B and #11-13-7683-B).
Preliminary Experiment
A preliminary, in vitro digestibility experiment was conducted to determine the DM digestibility of algae meal (Table 1 ) compared with hay and soyhulls. Three cannulated beef steers (998 ± 103 kg) were transitioned to a concentrate-based diet through a series of 4 step-up diets where corn gradually replaced hay. The final diet was a corn-based control diet (Table 2) fed for 10 d before rumen fluid collection for the in vitro digestibility experiment. Briefly, ALG, hay, and soyhulls were dried at 70°C for 48 h, ground to pass a 2-mm screen, and weighed into filter bags (0.5 ± 0.001 g; F57; Ankom Technology, Macedon, NY). Equal amounts of rumen fluid were collected from each steer, rumen fluid was strained through 4 layers of cheesecloth, and 400 mL of the mixed rumen fluid was added to each of the temperature-equilibrated incubation jars. Each incubation jar (n = 4) was then purged with CO 2 for 30 s. Samples were incubated at 39.5 ± 0.5°C for 24 and 48 h in each incubation jar in a Daisy II Incubator (Ankom Technology, Macedon, NY; Robinson et al., 1999; Spanghero et al., 2003) . There were 3 bags of each feed sample for each time point, resulting in a total of 18 bags containing a sample in each jar. A total of 4 blank bags were included in each jar, 2 blank bags for each time point. The blank bags were used to adjust for any material attaching to the bags during incubation.
Once the incubation periods were complete, the bags were rinsed with cold tap water 10 times, blotted to remove excess water, and placed in a forced-air oven at 70°C for 48 h. Once samples were dried, they were removed from the oven and weighed. To calculate DM digestibility (%), the following equation was used:
(Initial Sample Wt. -F inal Sample Wt./ Initial Sample Wt.) × 100.
Experiment 1
Based on the results of the preliminary in vitro digestibility experiment, the same 3 cannulated beef steers from the preliminary experiment were used to determine if cattle would readily consume diets con- taining ALG. There were 4 dietary treatments: 1) the control diet with no ALG (CON), 2) 15% inclusion of ALG (A15), 3) 30% inclusion of ALG (A30), and 4) 45% inclusion of ALG (A45; Table 2 ). Algae meal was added at the expense of corn on a DM basis. Diets were formulated to meet or exceed nutrient requirements of the steers (NRC, 1996) . Diets were mixed once weekly and stored in 208.2-L barrels. This experiment was conducted as a 3 × 6 Latin Square involving 6 periods lasting 5 d each, and 4 dietary treatments were offered as 6 possible paired treatment combinations (CON vs. A15, CON vs. A30, CON vs. A45, A15 vs. A30, A15 vs. A45, or A30 vs. A45). Steers were housed in individual pens (3.7 × 12.2 m) and had ad libitum access to water. Each pen had a wooden barrier dividing the feed bunk, and diets were offered in 24.6-L feed tubs (45.7 × 45.7 × 20.3 cm) on either side of the barrier to limit the likelihood that steers could mix the 2 offered diets. Steers were acclimated to the individual pens and feed bunks with a barrier in each bunk for 7 d before the initiation of the experiment. During the acclimation period, the CON diet was fed in equal portions in both feeding compartments.
In each experimental period, d 1 to 3 served as an acclimation period to the CON diet and feeding in the divided bunks. On d 4, steers were offered a paired diet combination, 1 diet in each feeding compartment. Each diet was initially offered at 25% of the day's total feed delivery, for a total of 50% of the day's total feed offered (DM basis) as the experimental diets. Bunks were monitored at 1, 2, 3, and 4 h postfeeding, and feed disappearance was recorded. To ensure that steers always had access to the experimental diets during the observation period, a minimum of 3.6 kg of feed (DM basis) was maintained by adding feed as needed after each hour of monitoring during the 4-h period. Additional feed was only added to the side needing feed to achieve the minimum of 3.6 kg. To minimize the potential for alterations in DMI due to the addition of feed, all tubs were removed to weigh the remaining feed each hour and add the additional feed. Based on the feeding observations, adding feed had minimal influence on DMI. Steer preference was determined based on DM disappearance for the 4 h immediately postfeeding. At the end of the 4-h data collection period, experimental diets were removed from the bunks, sampled, and discarded. Sorting did not appear to occur during the 4-h periods. Steers were then offered their remaining feed (on DM basis) as the CON diet for the day. To eliminate any preference for feed delivered on the right side of the bunk versus the left side of the bunk, the comparison was repeated on d 5 of each period, with diets offered on the opposite side of the bunk from d 4. These methods were similar to those previously reported by Genther and Beede (2013) and Pfister et al. (2013) . Diet and orts samples were dried in a forced-air oven at 70°C for 48 h, and DMI of each steer for each diet was calculated.
Experiment 2
To determine the influence of dietary ALG concentration on ruminal DM disappearance of ALG and other feedstuffs, an in situ disappearance study was conducted with the same 3 cannulated steers from Exp. 1. This study was conducted as an unbalanced 3 × 4 Latin Square with the same 4 dietary treatments described in Exp. 1. Diet mixing, storage, and sampling techniques were similar to methods described in Exp. 1. There were 4 periods, with 3 diets fed in each period, and each period was 14 d to allow for 12 d of adaptation to the dietary treatment, with Dacron bags being inserted on d 13. Steers were housed in individual pens (3.7 m × 12.2 m), and steers had ad libitum access to water. Steer BW was collected on d 1 of each period. Steers were limit fed at 2% of BW on a DM basis to minimize DMI effects on ruminal DM 1 Dietary treatment: CON: the control diet with no algae meal, A15: 15% inclusion of the algae meal as a direct replacement of corn on a DM basis, A30: 30% inclusion of the algae meal, and A45: 45% inclusion of the algae meal.
2 The concentrate-based control diet used in the preliminary in vitro digestibility procedure.
3 Dried distillers grains with solubles. 5 Vitamin A premix contained 4,400,000 IU/kg.
disappearance, and the feeding rate was adjusted on d 1 of each period based on steer BW. Ruminal DM disappearance of bromegrass hay, corn, ALG, and soyhulls samples was determined. Each feedstuff was dried in a forced-air oven at 70°C for 48 h and ground to pass through a 1-mm screen. Similar to Olaisen et al. (2003) , ground corn, ALG, and soyhulls were weighed into separate 5 × 10 cm Dacron bags (1.0 ± 0.001 g; R510; Ankom Technology), and hay was weighed into 10 × 20 cm Dacron bags (4.0 ± 0.001 g; R1020; Ankom Technology). Duplicate bags of each feedstuff were added to the rumen at 0, 12, 24, and 30 h to provide estimates of DM disappearance at 36, 24, 12, and 6 h, respectively. At the start of each incubation period, 12 total bags were added, 4 blank bags, and 2 bags for each feedstuff. All Dacron bags were removed from the rumen at 36 h and placed in ice water to stop further bacterial digestion, and on return to the laboratory, bags were rinsed 17 times in tap water to ensure the water ran clear. Rumen pH was measured with an Oakton pH 11 series meter (35614-80; Oakton Instruments, Vernon Hills, IL) at 6 h postfeeding on d 14, coinciding with bag removal at 36 h. To determine the initial DM disappearance (0 h) from the nylon bags, which represents the rapidly soluble portion of the feedstuff, duplicate bags of each feedstuff and 4 blank bags were soaked in 39°C water for 20 min, with stirring occurring every 5 min. Once rinsed, bags were dried in a forced-air oven at 70°C for 72 h. Residual material was weighed to determine initial rumen DM disappearance. Absolute rate of digestion represents the percent of DM digested per hour for the 36-h digestion experiment.
Experiment 3
A grower trial was conducted to determine growth and DMI of calves fed diets with increasing concentrations of ALG. All steers were initially weighed on d 11 and 10, and 48 steers (292 ± 22.4 kg) were selected based on weight, health, and temperament and allotted to 1 of 8 feedlot pens equipped with GrowSafe units to allow for individual feed intake measurements (GrowSafe Systems Ltd., Airdrie, Alberta, Canada; 6 steers per pen). There were 4 dietary treatments (Table 3; 2 pens per treatment) that included 1) a control wet corn gluten feed (WCGF) based diet with no ALG inclusion (ALG0; n = 12 steers); 2) 15% inclusion of ALG (ALG15; n = 12); 3) 30% inclusion of ALG (ALG30; n = 12); and 4) 45% inclusion of ALG (ALG45; n = 12). Algae meal replaced WCGF on a DM basis. Steers were fed a common diet and began a series of three 2-or 3-d step-up diets where WCGF gradually replaced bromegrass hay in preparation for the experimental diets. Diets were formulated to meet or exceed nutrient requirements (NRC, 1996) . The diets began on d 1, and the trial lasted 55 d. Dietary composition and ALG inclusions were chosen based on the preliminary preference results from Exp. 1. Steers were weighed on consecutive days at the start (d 0 and 1), mid-point (d 26 and 27), and end (d 55 and 56) of the trial, and ADG was calculated. Samples of total mixed rations were collected once weekly and dried in a forced-air oven at 70°C for 48 h to determine DM. Individual DMI and G:F of each steer were calculated.
Statistical Analysis
Preliminary Experiment. In vitro digestion data of the ALG, bromegrass hay, and soyhulls were analyzed by ANOVA using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). The model included the fixed effects of feed type, hour of incubation (24 or 48), and the interaction. Bag served as the experimental unit (n = 3) per feedstuff per hour of incubation, which resulted in a total of n = 12 for each feedstuff at each time point. Incubation jar served as the random variable. 1 Dietary treatment: ALG0: the control diet with no algae meal, A15: 15% inclusion of the algae meal as a direct replacement of WCGF on a DM basis, A30: 30% inclusion of the algae meal, and A45: 45% inclusion of the algae meal.
2 Wet corn gluten feed. 5 Vitamin A premix contained 4400,000 IU/kg. Experiment 1. The POWER procedure of SAS was used to conduct a power test and determined that to distinguish differences in dietary preference by DMI, a minimum of 3 steers were needed. Power test parameters were based on 80% power, 0.05 level of significance, group means of DMI (Anderson et al., 1988; control [corn stalk-based diet] vs. 50% soyhulls), and a standard deviation of 0.22 kg/d. Statistical analysis of the preference DMI and feed consumed as a percentage of total feed offered data was accomplished using the GLIMMIX procedure of SAS. The model included the fixed effects of diet and pair × diet. Steer, period, day, and steer and period nested within location (left or right side of the bunk) were random effects. The SLI-CEDIFF statement was utilized to determine the simple effects of both pair and diet. The Tukey adjustment was used to adjust for multiple comparisons for the P-values and confidence limits for the differences of the LSMEANS. Hourly DMI data were analyzed using the MIXED procedure of SAS. The model included the fixed effects of diet × hour and pair × diet. Steer, period, day, and steer and period nested within location were random effects. Hour served as the repeated effect, and steer was the experimental unit (n = 3). The covariance structure utilized was autoregressive 1 based on the least Akaike's Information Criteria.
Experiment 2. The POWER procedure of SAS was used to conduct a power test and determined that a minimum of 3 steers were needed to distinguish differences in ruminal DM disappearance. Power test parameters were based on 80% power, 0.05 level of significance, group means of DM disappearance (preliminary experiment; soyhulls and ALG 48 h IVDMD), and standard deviation set at 1.03%. Statistical analysis of the ruminal feedstuff disappearance, rumen pH, and rate of disappearance data were conducted using the MIXED procedure of SAS. Rumen disappearance data were analyzed as repeated measures and included the fixed effects of experimental diet, hour of incubation, and the interaction. Hour served as the repeated effect, and steer and period were included as random effects in the model to address the potential for confounding effects. The covariance structure utilized was spatial exponential to account for the nonlinear function of the data. The model for analysis of rumen pH and rate of disappearance data included the fixed effect of dietary treatment. Steer was the experimental unit (n = 3) for all data analyses. In Exp. 2, 3 single-degree-of-freedom contrast statements were utilized: 1) linear effect of ALG inclusion, 2) quadratic effect of ALG inclusion, and 3) CON vs. all diets containing ALG.
Experiment 3. The MIXED procedure of SAS was used for the statistical analysis of BW, ADG, and G:F data. The model included the fixed effect of dietary treatment. Steer served as the random variable. The experimental unit was steer (n = 12 per treatment). Three single-degree-of-freedom contrast statements were constructed to analyze linear, quadratic, and cubic effects of increasing ALG inclusion in diets. For all experiments, significance was declared at P  0.05 and tendencies from P = 0.06 to P  0.10. All data reported are least squares means ± SEM.
RESULTS
Preliminary Experiment
The in vitro digestibility from the preliminary experiment (data not shown in tabular form) of hay was lesser (P < 0.001) at both 24 (30.2 ± 0.79%) and 48 (42.0 ± 0.79%) h compared with both the ALG (58.7 and 64.8 ± 0.40%, respectively) and soyhulls (52.9 and 65.0 ± 1.03%, respectively). The digestibility of the ALG was greater (P < 0.001) at 24 h compared with soyhulls, but there was no difference (P = 0.82) between ALG and soyhulls at 48 h. For each feedstuff, digestibility at 24 (47.3 ± 0.50%) h was lesser (P < 0.001) than at 48 (57.3 ± 0.50%) h.
Experiment 1
As shown in Fig. 1 , there was a pair × diet effect (P = 0.003) for total 4-h DMI. When paired with A15 or A30, steers consumed less of the A45 diet (P  0.004) during the 4-h DMI period, but not (P = 0.27) when paired with CON. There was a tendency (P = 0.09) for a decrease in 4-h DMI in steers consuming A30 when offered in combination with CON. There was a DMI diet × hour effect (P < 0.001; Fig. 2 ) during the 4-h observation period, where during the first hour of feed availability, there was greater (P  0.02) consumption of CON (3.0 ± 0.16 kg) and A15 (2.9 ± 0.16 kg) compared with A30 (2.4 ± 0.16 kg) and A45 (2.1 ± 0.16 kg), while during the second hour of observation, there was greater (P = 0.01) DMI of A15 (1.2 ± 0.16 kg) than A45 (0.6 ± 0.16 kg). In hour 3, steers had lesser (P  0.03) DMI of A45 (0.5 ± 0.16 kg) compared with all other dietary treatments (1.0, 1.1, 1.0 ± 0.16 kg for CON, A15, and A30, respectively). There were tendencies for CON (0.6 ± 0.16 kg) to have lesser (P  0.06) DMI compared with A15 (1.0 ± 0.16 kg) or A30 (1.0 ± 0.16 kg) during the fourth observation hour, with A45 being intermediate (0.8 ± 0.16 kg; P  0.31).
When expressed as a percentage of total DM offered to steers during the 4-h observation period, total DM consumed was similarly affected (P = 0.01) by the diet × pair combination. The percent of total DM consumed by steers fed A45 was lesser (P  0.008) when offered in combination with the A15 (45.0 vs. 59.4 ± 11.96%) or A30 (35.1 vs. 53.5 ± 11.96%) diets, but intake of A45 was not different when offered paired with the CON diet (55.0 vs. 56.6 ± 11.96%; P = 0.76). No other paired diet combinations altered (P  0.23) the dietary preference of the steers as a proportion of DM offered.
Experiment 2
There was no effect (P  0.17) of diet on rumen pH measured at 6 h postfeeding on d 14 of each period nor was there any effect of diet (P  0.55; Table 4) or diet × hour (P  0.62) on the ruminal disappearance of ALG, corn, hay, or soyhulls. There was an effect of hour (P < 0.001; Fig. 3) , where overall DM disappearance increased as time incubated in the rumen increased. For ALG (P = 0.06) and corn (P = 0.09), the inclusion of ALG in the diets tended to improve the average absolute rate of disappearance during the 36-h incubation period. There was no effect (P  0.11) of experimental diet on the absolute rate of disappearance of bromegrass hay or soyhulls.
Experiment 3
Midpoint and final BW of steers were not affected (P  0.42; Table 5) 
DISCUSSION
The unique nutrient profile of the ALG fed in the current experiments differs from algae sources studied previously by others (Dib et al., 2012; Drewery et al., 2014; Lodge-Ivey et al., 2014; Meale et al., 2014) . Much of the previous research has utilized algae coproduct as a protein source (Dib et al., 2012; Drewery et al., 2014; Lodge-Ivey et al., 2014) or a source of docosahexaenoic acid (Meale et al., 2014) . Because of the differing nutrient profile of the microalgae used in this study, particularly in relation to concentrations of CP, NDF, and minerals, the applicability of comparisons with other studies involving algae byproducts fed to ruminants is limited. Although not presented herein, there is no docosahexaenoic acid in the ALG used in the current experiments. The inclusion of soyhulls in the ALG is another unique aspect to the product, which provides rapidly digestible fiber and contributes CP to the product.
A major concern of novel feedstuffs is acceptability by the animal. Steers readily consumed diets containing up to 30% ALG, and while they did not refuse to eat the diet containing 45% ALG, they often preferred the other diets and consumed this diet more slowly. This may be a reflection of the dry nature of the A45 diet (92.6% DM), as the ALG itself is very dry (> 96% DM). Trenkle (1992) observed a 7% increase in DMI in finishing steers when decreasing diet DM from 89% to 86.7% by adding water. However, DMI by steers in the grower trial (Exp. 3) increased as ALG increased in the diets, suggesting inclusion limitations may have been overcome by the increased moisture provided by WCGF. The soyhulls in the algae meal may also positively affect DMI, as others have noted that increasing soyhulls in replacement of corn in the diet from 0% to 50% increases steer DMI (Anderson et al., 1988) . Effects of other algae coproducts on ruminant DMI have been variable. When an algae byproduct was fed as a protein source to finishing lambs for 28 d there was no effect on DMI when fed at up to 20% of the diet (Dib et al., 2012) . However, as postextraction algal residue increased in the diet of steers from 0 to 150 mg N/kg BW, total OM intake increased while straw OM intake of steers plateaued at 100 mg N/kg BW (Drewery et al., 2014) . Supplying excessive N has previously been shown to limit forage OM intake (Köster et al., 1996) . Because the ALG utilized in the current studies has much less CP (9.94% CP for Exp. 1 and 2 and 9.2% CP for Exp. 3) than other algae coproducts (17.9% CP of the algae; Drewery et al., 2014) , supplying excess N and minimizing forage OM intake was not of major concern in the current diets.
Since ALG was readily consumed at moderate proportions of the diet, rumen DM disappearance of the ALG compared with other dietary constituents was considered. A concentrate-based diet was chosen to best simulate ruminal conditions in which the ALG would be fed in the feedlot. Not unexpectedly, in vitro digestibility of ALG was very similar to soyhulls. Both the ALG and corn were rapidly digested in the first 6 h of in situ incubation. Previous research conducted by DePeters et al. (1997) observed that the total DM degradable content of soyhulls ranged from 85% to 90% in a forage-based diet. However, in the current study, a concentrate-based diet was fed, and disappearance during the in situ incubation was only approximately 60%, which would suggest a lesser absolute rate of disappearance compared with corn and ALG. The NDF of soyhulls is readily digested in the rumen (Firkins, 1997) and may also decrease the negative associative effects of corn on fiber digestibility (Anderson et al., 1988; Firkins, 1997) , which may have resulted in ALG disappearance being intermediate to corn and soyhulls. The disappearance of ALG, as well as the lack of differences in rumen pH measured at 6 h postfeeding, suggests no discernible negative impacts on the rumen environment, indicating ALG could serve as a viable feedstuff in cattle diets.
Although the results of Exp. 1 and 2 are promising and provide a basis for future experiments, the limita- tion of steer numbers (n = 3) should be considered. Utilizing more animals in future studies may yield additional impacts on performance and digestibility based on the consumption of diets containing ALG. In the grower study, DMI steadily increased as ALG replaced WCGF, but only ALG45 steers exhibited increased ADG over the 55-d period. Improvement in ADG by ALG45 steers may be reflective of altered ruminal conditions because this diet contained more ALG than WCGF; however, ruminal parameters were not measured in this study and further research is needed to clarify the interaction between ALG and other feedstuffs in the rumen. It has previously been observed that replacing dry-rolled corn with WCGF improved G:F in receiving (McCoy et al., 1998) and growing (Ham et al., 1995) steers. In the current study, G:F was decreased as ALG replaced WCGF in the diet, and DMI was increased. This may indicate that the addition of ALG to the diet increased the palatability by optimizing the DM content, but the increased DMI may have increased the passage rate, which resulted in the lesser feed efficiency of the ALG-fed steers.
Additionally, Huls et al. (2009) demonstrated that cattle could be adapted to finishing diets using up to 80% corn gluten feed successfully. A proprietary complete starter feed (RAMP; Cargill Corn Milling, Blair, NE) based on WCGF has also been evaluated for this purpose (Ponce et al., 2012; Schneider et al., 2013) . As indicated by Loerch and Fluharty (1999) , it is critical for newly received steers to eat as soon as possible upon entering the feedlot to maintain performance and immune status. This suggests that feeding a WCGF and ALG ration may not only improve growing calf DMI and ADG, but may ease the transition from a grower diet to a high-concentrate finishing ration. Based on the increased ADG of the steers consuming the 45% ALG diet and the effects on feed efficiency, future research should focus on finding an optimal inclusion of ALG and WCGF to balance energy intake, animal performance, and health.
Interestingly, one of the challenges with algae coproducts is their variable micronutrient profile. Some pure microalgae products investigated by Lodge-Ivey et al. (2014) contained greater than the maximum tolerable level (NRC, 1996) of several minerals including Al, Ni, Fe, and Mg. The postextraction algal residue studied by Drewery et al. (2014) and some algae coproducts studied by Lodge-Ivey et al. (2014) had excessive Na concentrations, which may negatively impact DMI as the microalgae coproducts increase in the diet. However, because the ALG used in the current study is grown and processed in controlled media under very specific conditions, heavy metals are not found in appreciable amounts. Conversely, concentrations of K, S, Mo, and Fe should be monitored as potential antagonists of Mg or Cu if ALG was fed as a large proportion of the diet. Mineral status of the cattle in the current study was not assessed, and no incidences of potential mineral deficiencies were observed.
Overall, these studies suggest that ALG is highly digestible in concentrate-based diets and could potentially be used as an alternative energy feedstuff in beef : the control diet with no algae meal, ALG15: 15% inclusion of the algae meal as a direct replacement of WCGF on a DM basis, ALG30: 30% inclusion of the algae meal, and ALG45: 45% inclusion of the algae meal.
2 Three single-degree-of-freedom contrast statements were used to determine dietary treatment differences: 1) linear effect of algae meal inclusion, 2) quadratic effect of algae meal inclusion, and 3) cubic effect of algae meal inclusion. feedlot diets. The digestibility studies indicate that ALG is readily digested within the rumen and is intermediate in digestibility between corn and soyhulls. The clear differences in steer intake of diets containing 45% ALG between the experiments suggest that the very dry nature of the ALG product (Exp. 1 and 2) may be a limitation to dietary inclusion; however, inclusion of wet ingredients such as WCGF (Exp. 3), wet distillers grains, or modified distillers grains may overcome this limitation Additionally, these data suggest that ALG may make an excellent feed ingredient in grower cattle diets, as feed intake was stimulated when greater amounts of ALG were included in the diet.
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